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Application No. 09/588,407 
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agreement was reached, or any other comments: Discussed combination of Davis et al and Hollingsworth. Discussed 
Davis et al's use of bladder to fabricate composite article and specific mandrel of Hollingsworth. Applicant noted that 
Hollingsworth has two step mandrel. Discussed rejection based on Japan '334. Examiner faxed a copy of a translation 
of Japan 2-150334 to applicant (see interview summary attachment B). Noted that fibers in Japan '334 are crimped 
Examiner confirmed that claims 7-1 1 and 23-25 are directed to a non-elected invention. 
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1. (Currently Amended) An inflatable heating device comprising: 

a generally cylindrical body having an inner surface and an outer surface, said 
inner surface of said cylindrical body of the heating device defining a generally 
hollow inflation chamber , said body including a flexible matrix and a plurality of 
nonmetallic, electrically conductive fibers embedded within said flexible matrix, 
said flexible matrix being cured to a stable elastomeric state by electrical resistive 
heating of said fibers, said body being capable of expanding and returning to an 
original form, and electrical cable lines connecting the electrically conductive 
fibers in the generally cylindrical body to an electrical energy source for providing 
electrical energy to the electrically conductive fibers to resistively heat the 
electrically conductive fibers. 

2. (Original) The inflatable heating device of claim 1 wherein said flexible matrix 
comprises fluorosilicone. 

3. (Previously Amended) The inflatable heating device of claim 1 wherein said 
fibers are carbon fibers. 

4. (Original) The inflatable heating device of claim 1 wherein said carbon fibers 
are angled at an angle of +/- 45° with respect to said longitudinal axis of said 
body. 

5. (Original) The inflatable heating device of claim 4 wherein said carbon fibers 
are arranged in one of tows and bundles to provide approximately 50-90% 
coverage of said body. 

6. (Previously Presented) The inflatable heating device of claim 1 wherein said 
carbon fibers are in the form of a non-woven tape. 

7. (Withdrawn) 

8. (Withdrawn) 

9. (Withdrawn) 

10. (Withdrawn) 

11. (Withdrawn) 


- 1 - 

PAGE 2/6 * RCVD AT 6/4/2004 12:34:54 AM [Eastern Daylight Time] * SVR:USPTO-EFXRF-3/24 * DNIS:2731221 * CSID:281 361 8637 * DURATION (mm-ss):03-! 


JUH-03-2084 10:57 PM DAVID MCEWING 


281 361 863? 


09/588407 Draft 
6/4/2004 

12. (Currently Amended) An apparatus for curing a heat curable resin of a pre- 
preg repair material supporting a heat curable resin for in-situ repair of a conduit, 
comprising: 

an elastomeric composite having a first end and a second end, wherein 
the composite includes a non-ferrous heating element disposed within a 
thennoset resin matrix; 

a first end piece fixedly attached to the first end of the composite and 
having an air port for communication with a compressed air source, a 
vacuum port for communication with a vacuum supply source and at least 
one electrical cable port for communication between the non-ferrous heating 
element and to conv e y olestrte-e urront to the non - ferrou s h e at i ng 
c l em e nt from for commun i cation w i t h-a power supply source; and 

a second end piece fixedly attached to the second end of the composite, 
wherein the composite, the first end piece, and the second end piece form a* 
a generally hollow inflation chamber. 

13. (Original) The apparatus of Claim 12 wherein the thermoset resin of the 
elastomeric composite Is selected from the group consisting of f luorocarbon and 
fluorosllicbne, 

14. (Original) The apparatus of Claim 12 wherein the heating element includes a 
plurality of braided fibers comprising of temperature tolerant fiber braids and 
electrically conductive fiber braids. 

15. (Original) The apparatus of Claim 14 wherein the braided fibers interact to 
define a braid angle measure at +/- 45 degrees. 

16. (Original) The apparatus of Claim 14 wherein the electrically conductive fiber 
braids arc carbon filaments. 

17. Deleted 

18. (Original) The apparatus of Claim 12 wherein the heating element includes a 
plurality of wound fibers comprising of temperature tolerant fiber windings and 
electrically conductive fiber windings. 
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19. (Original) The apparatus of Claim 18 wherein the wound fibers interact to 
define and angle measure at +/- 45 degrees. 

20. (Original) A method for repairing a damaged section of a conduit comprising 
the steps of: 

providing an elastomeric composite having a first and second end, 
wherein the composite includes a heating element disposed within a 
thermoset resin matrix; 

fixedly attaching a first and second end piece respectively to the first and 
second ends of the composite, wherein the first end piece, the second end 
piece, and the composite form a heating/Inflation module; 

removably attaching a pre-preg to an outer surface of the composite, 
wherein the pre-preg includes a structural fiber matrix supporting a heat 
curable resin; 

positioning the module with the attached pre-preg into the conduit at a 
damaged location; 

inflating the module to a predetermined internal air pressure to expand the 
composite and press the pre-preg against an inside surface of the conduit; 
curing the resin of the pre-preg by causing an electrical current to flow in the 
heating element to resistively heat the module to a predetermined 
temperature; and 

deflating the module and removing it from the conduit. 

21 . (Currently Amended) An inflatable heating device comprising: 

a generally cylindrical body having an inner surface and an outer surface, sajd 
inner surface of said cylindrical body of the heating device defining a generally 
hollow inflation chamber , said body comprising a thermoset resin matrix and a 
plurality of carbon fibers embedded within said matrix, said carbon fibers being 
arranged helically and positioned at an angle of +/- 45 degrees with respect to 
the longitudinal axis of said body, said matrix being cured to a stable elastomeric 
state by electrical resistive heating of said carbon fibers, said body being capable 
of expanding and returning to an original form, and electrical cable lines 
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connecting the carbon fibers in the generally cylindrical body to an electrical 
energy source for providing electrical energy to the carbon fibers to resistively 
heat the carbon fibers. 

22. (Currently Amended) A system for in-situ repair of a conduit, comprising: 

an apparatus including an elastomeric composite having a first end and a 
second end, wherein the composite includes a non-ferrous heating element 
disposed within a thermoset resin matrix; 

a first end piece fixedly attached to the first end of the composite and 
having an air port for communication with a compressed air source, a vacuum 
port for communication with a vacuum supply source and at least one 
electrical cable port to convey electric current to the non-ferrous heating 
element from for communication with a power supply source; 

a second end piece fixedly attached to the second end of the composite, 
wherein the composite, the first end piece, and the second end piece form an 
inflation chamber; and, 

a pre-preg removably attached to an outer surface of the composite of the 
apparatus, the pre-preg including a structural fiber matrix supporting a heat 
curable resin, 

23. (Withdrawn) 

24. (Withdrawn) 

25. (Withdrawn) 

26. (New) An inflatable heating device having a generally cylindrical body for 
internal in-situ repair of pipe shaped objects comprising; 

an elastomeric seamless composite closed body having a generally 
cylindrical shape formed of at least one layer of a flexible elastomeric material 
having a first inner surface and a second outer surface, a plurality of 
nonmetallic, electrically conductive fibers located substantially throughout the 
length of the cylindrical shaped body between the first inner surface and 
second outer surface of the flexible elastomeric material; 

-4. 
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at least one electrically conductive cable port connecting the electrically 
conductive fibers to an electrical power source; and 

at least one air port for inflation and deflation of the closed body. 
27, (New) The inflatable heating device of Claim 26 wherein the generally 
cylindrical body has an outer diameter sized to allow the second outer surface to 
contact an inner surface of a repair object to transfer electrical resistive heat 
energy created by the conductive fibers located between the first inner surface 
layer and second outer surface layer when energized by the electrical power 
source and the body is inflated. 
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SPECIFICATION /195* 

1. Title of the Invention 

Device for Partially Repairing Pipeline from Inside 

2. Claims 

1. A device that partially repairs a pipeline from the inside and 
in which an expandable body that generates heat when energized and that 
is made of a material that has air-tight properties is mounted over the 
surface of the hollow main unit of a repairing tool that can be inserted 
into a pipeline, in which both ends of this expandable body are connected 
to said main unit of the repairing tool to create an air-tight space between 
the main unit of the repairing tool and the expandable body, and in which 
an operating liquid passage that is for pressure-feeding a liquid into 
and discharging the liquid from the air-tight space is structured on the 
main unit side of the repairing tool. 

2. A device of Claim 1 that partially repairs a pipeline from the 
inside characterized by the expandable body being a cloth body woven by 
using crimped threads, by an air-tight layer made of rubber or an elastic 
resin being created on the inner surface of the cloth body, and by applying 
a paint that generates heat when energized onto said cloth body or by 
impregnating said cloth body with the paint. 

3. A device of Claim 1 that partially repairs a pipeline from the 
inside characterized by the expandable body being a knitted cloth body, 
by an air-tight layer made of rubber or an elastic resin being created 
on the inner surface of the cloth body, and by applying a paint that 
generates heat when energized onto said cloth body or by impregnating 


* Numbers in the margin indicate pagination in the foreign text. 
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said cloth body with the paint. 

4. A device of Claim 1 that partially repairs a pipeline from the 
inside characterized by having a structure in which a cloth body, which 
is the expandable body, provided with an air-tight layer made of rubber 
or an elastic resin on its inner side is woven or knitted by using threads 
that generate heat when energized. 
3. Detailed Explanation of the Invention 
[Field of Industrial Application] 

The present invention pertains to devices that partially repair 
pipelines that are buried underground, such as gas piping, water pipes, 
etc., from the inside. 
[Prior Art] 

As a repairing method utilized when a leakage source, such as partial 
corrosion, occurs in a gas pipeline, etc., a method (Kokai No. 58-17278) 
in which it is repaired by placing a repairing material against the inner 
surface of the pipeline is commonly known. 

This commonly known example is a repairing method in which an adhesive 
is sprayed onto the location on the inside surface of a pipeline that 
needs to be repaired to form an adhesive layer and in which a softened 
ring-shaped thermosetting repairing material is adhered after expanding 

the diameter. /n 

/ l_y_6 

In the above repairing method, the device shown in Figure 6 is 
utilized. 


In Fig. 6, [101] is a ring-like rubber plate, and its ends are fixated 
side plates, [102] and [102' ] . One [102] of the side plates is provided 

3 


with an outlet for a hot-air pipe [103] so that hot air will be sprayed 
onto the outer periphery of the rubber plate [101] and is also connected 
to the front end of a compressed-air pipe [104] so that compressed air 
can be injected into the rubber plate [101]. 

Thus, the above-described repairing material [105] is attached onto 
the outer periphery of the rubber plate [101], the repairing material 
[105] becomes softened by the hot air jetted out of the hot-air pipe [103] , 
and the repairing material [105] becomes expanded in the diametrical 
direction by the compressed air injected form the compressed air pipe 
[104] . 

[Problems that is to be Solved] 

However, since hot air is utilized to soften the repairing material, 
this commonly known example has the following problems. 

The heat source of the hot air is generated above ground and is then 
guided to the repairing location through the pipe. Therefore, the heat 
source and the repairing location are separated, and the temperature drops 
before the hot air reaches the repairing location. Therefore, the softening 
of the repairing material takes time. 

Moreover, when the repairing material is expanded in the diametrical 
direction and is adhered to the pipe's inner surface in the commonly known 
example, the hot air does not reach the adhesive layer after that, and 
the hardening of the adhesive cannot be hastened by heating. Therefore, 
the repairing material needs to be pressured against the pipe's inner 
surface for a long time until the adhesive becomes hardened naturally. 

Moreover, since hot air does not reach even the repairing material 
after the repairing material is adhered to the pipe's inner surface by 


having its diameter expanded, solidification of the repairing material 
starts and the repairing material cannot be kept sufficiently pressured 
against the pipe's inner surface. For this reason, there is a risk of 
a gap being created between the pipeline's inner surface and the repairing 
material after the repair is finished. Moreover, there is a hot-air 
temperature gradient between the vicinity of the output of the hot-air 
pipe and its opposite side, and heating cannot be performed evenly in 
the circumferential direction. 

The present invention is proposed in light of the above problems, 
and its purpose is to propose a device that partially repairs the pipeline 
from its inner surface and that is capable of expeditious and reliable 
repairing operations using repairing materials. 
[Means for Solving the Problems] 

In the present invention, a device having the following structure 
is proposed as a means for solving the above-mentioned problems. 

An expandable body that generates heat when energized and that is 
made of a material that has air-tight properties is mounted over the surface 
of the hollow main unit of a repairing tool that can be inserted into 
a pipeline, both ends of this expandable body are connected to said main 
unit of the repairing tool to create an air-tight space between the main 
unit of the repairing tool and the expandable body, and an operating liquid 
passage, which is for pressure-feeding a liquid into and discharging the 
liquid from the air-tight space, is structured on the main unit side of 
the repairing tool. Thus, the device repairs the pipeline from its inside. 

In the above device, the expandable body that generates heat when 
energized is a fabric body woven with crimped threads. It is permissible 
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to structure an air-tight layer that is made of rubber or an expandable 
resin on the inner surface of this fabric body and to then have a paint 
that generates heat when energized applied to or impregnated in said fabric 
body. 

An example of the paint that generates heat when energized is one 
obtained by admixing 50-60 parts of graft-polymerized acetylene black 
to an urethane resin, which will be the medium resin, by kneading the 
mixture, and by then dissolving it in methylethylketone . 

This heat-generating paint maybe applied to the surface of the fabric 
body by using a brush or may be sprayed onto it by means of a gun. Note, 
however, that the homogenization of the application needs much caution 
since the heat becomes locally excessive or insufficient unless it is 
homogeneous over the entire surface. 

Next, as for the means of impregnation, the fabric body may be directly 
immersed in the heat-generating paint or the fabric body may be woven 
by using threads that have been immersed. 

The fabric body must have expandability, and for this, crimped threads 
may be utilized as mentioned earlier, or expandability may be provided 
to the fabric body by weaving threads. 

Next, as the means for allowing the expandable body to generate heat, 
a method in which a heat-generating paint is applied to or impregnated 
in the fabric body as mentioned earlier and a method in which the fabric 
body is made by knitting or weaving threads which themselves generate 
heat are conceivable. 

Examples of such heat-generating threads are ones that are obtained 
by inserting carbon-type heat-generating bodies into the cores of 

6 


expandable resin threads, organic fiber yarns containing conductive 
particles, etc. /197 
[Operation of the Invention] 

In the above device, a repairing sleeve is first attached onto the 
outside of the expandable body of the repairing tool's main unit, an 
adhesive is then applied to the outside surface of the repairing sleeve, 
and the repairing tool's main unit (repairing device) is inserted into 
the pipe to the repairing location by using an inserting body. Next, an 
operating liquid is pressured into the air-tight space, the expandable 
body and the repairing sleeve provided on the outside of it are expanded 
in the diametrical direction, and the repairing sleeve is adhered tightly 
to the repairing location. 

Next, the expandable body is made to generate heat by energizing 
this expandable body by means of a power feeding device, and the adhesive 
is heated through the repairing sleeve until it becomes gelatinized. After 
this condition is achieved, the power feeding is stopped to solidify the 
adhesive. This solidification may be carried out by waiting for natural 
cooling to occur or forcibly by, for example, injecting a coolant into 
the air-tight space. 


After the repairing sleeve becomes completely attached to the 
repairing location, the expandable body is made to shrink in the 
diametrical direction by discharging the operating liquid from the 
air-tight space, and the operation is then finished by pulling the 
repairing tool's main unit to the outside of the pipe. 
[Working Example and Operation] 
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A working example of the device of the present invention will be 
explained below based on Figs. 1-5. 

The reference numeral [1] is the repairing tool's main unit. This 
main unit [1] has a through-hole [2] that runs from an inlet [2'] to an 
outlet [2"] on the inside and has a structure in which a wheel [3] is 
attached to the front and the rear by means of a spring [3"] via a wheel 
arm [3'] that can operate in the radial direction. 

[4] is an expandable body. Both ends, [5] and [5' ] , of this expandable 
body [4] are fixated on the outer periphery of the trunk part [1'] of 
said main unit [1] to form an air-tight space [4'] with the trunk part 
[l'J of the main unit [1]. 

The expandable body [4] is made up of an inner-surface air-tight 
layer [6] that consists of an elastic resin or rubber and a cylindrical 
cloth [7] made by using crimped threads. 

On both ends of the cylindrical cloth [7], metallic tapes, [8] and 
[8 f ], are wrapped around and fixated to the outside periphery. These 
metallic tapes, [8] and [8'], have electricity fed to them from a power 
feeding device (not illustrated) via the power lines [9] of a cathode 
and an anode, respectively. Incidentally, for the cylindrical cloth [7], 
covered yarns obtained by wrapping crimped threads of polyethylene 
terephthalate around crimped threads of polyurethane are utilized for 
the weft and crimped threads of polyethylene terephthalate are utilized 
for the warp. This cylindrical cloth [7] is obtained by impregnating it 
with the following heat-generating paint and by then drying it. 

The heat-generating paint was obtained by admixing 50-60 parts of 
graft-polymerized acetylene black to a urethane resin that would become 


the medium resin, by kneading the mixture, and by then dissolving it in 
methylethylketone . 

Metallic-powder-type and carbon-type are conceivable as the 
conductive additive of the heat-generating paint, but the carbon-type 
is preferred in terms of the workability, cost, and controllability and 
graft-polymerized acetylene black is the best of all. Since this 
graft-polymerized acetylene black has excellent dispersibility in a medium 
and can therefore be attached to the processed threads evenly, a 
homogeneous resistor can be attained, and passing current will not flow 
and heat locally. Therefore, it is very safe without a risk of combustion. 

As for said cylindrical cloth [7], it may instead be obtained by 
impregnating crimped threads with said heat-generating paint in advance 
and by then drying it and shaping it into a cylinder. Or it may be obtained 
by crimping an organic fiber yarn that contains conductive particles and 
by then shaping it into a cylinder. 

[10] is a pressure injecting hole for the operating liquid. This 
liquid pressure injecting hole [10] is provided in the air-tight space 
[4'] created between the trunk part [1'] of said main unit [1] and the 
expandable body [4], and this injection hole [10] is connected to a 
compressor (not illustrated) via a liquid pressure conduit [11]. 

[12] in the figure is an inserting body that is connected to one 
end of said main unit [1] by means of a coupling [13], 

Next, a repairing example in which the device of the above working 
example is utilized will be explained. 

As shown in Fig. 3, it will be assumed that a pinhole [15] has occurred 
in one part of the pipeline [14] . 


First, a thermosetting repairing sleeve [16] having a diameter 
smaller than that of the inner diameter of the pipeline [14] is attached 
to the outside of the expandable body [4] of the repairing device. 

Next, an adhesive [18] is applied to the outer surface of the repairing 
sleeve [16] and a small internal pressure is applied to the air-tight 
space [4'] inside the expandable body [4] in order to keep this repairing 
sleeve [16] from coming off of the expandable body [4] . /198 

Next, a work hole is drilled and is cut with the pipeline [14] exposed 
inside the hole. From the inlet that the cutting made, a repairing device 
is inserted by using an inserting body [12]. The repairing device moves 
inside the pipeline [14] smoothly by means of the wheels [3]. 

After confirming that the repairing device has been inserted to reach 
the location of the pinhole [15], the insertion of the device is stopped. 
This condition is shown in Fig. 3. The repairing location [15] has been 
detected in advance, and the repairing device is inserted based on this 
data . 


After that, a liquid-pressure operating liquid is fed to the air-tight 
space [4'] inside the expandable body [4] through the liquid pressure 
conduit [11] and injection hole [10] to expand the expandable body [4]. 
In this case, the cylindrical cloth [7] can expand or shrink together 
with the air-tight layer [6] since it is made of crimped threads. For 
this reason, the expandable body [4] expands evenly in the longitudinal 
direction. Then the repairing sleeve [16] attached to the outside of the 
expandable body [4] is also evenly expanded in the longitudinal direction 
and eventually becomes closely attached to the pinhole [15] location on 
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the inner surface of the pipeline [14] . 

Next, voltage is applied to the electrodes of the metallic tapes, 
[8] and [8'], located on both ends of the cylindrical cloth [7] from a 
power feeding device through an electrical wire [9] to allow the 
cylindrical cloth [7] to generate heat. As the temperature of the 
cylindrical cloth [7] starts rising, the adhesive [18] of the repairing 
sleeve [16], which is located on the outside, becomes heated. 

The adhesive [18] is heated by the heat generated by the cylindrical 
cloth [7] for a period of time longer than the gelation time of the adhesive 
[18] . 

After the gelation time of the adhesive [18] has been exceeded, the 
heat generation is stopped by stopping the power feeding to the cylindrical 
cloth [7], and the hardness of the adhesive [18] of the repairing sleeve 
[16] is increased by cooling it by natural cooling or by another forcible 
cooling means. This condition is shown in Fig. 4. 

After cooling is completed, the liquid pressure is discharged from 
the air-tight space [4'], which is inside the expandable body [4], through 
the liquid pressure conduit [11] to shrink the expandable body [4] in 
the diametrical direction. 

After closely adhering the repairing sleeve [16] to the pinhole [15] 
on the inner surface of the pipeline [14] and shrinking the expandable 
body [4] in the diametrical direction as mentioned earlier, the repairing 
device is collected from inside the pipeline [14] to finish the repairing 
operation. 

The condition in which the pinhole [15] has been repaired by means 
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of the repairing sleeve [16] is illustrated in Fig. 5. 

Moreover, in order to prevent the adhesive [18] applied to the 
repairing sleeve [16] from drooping down, it is preferred that the outer 
periphery of the repairing sleeve [16] be wrapped with the cloth [17] 
and that the cloth [17] be impregnated with the adhesive [18] in advance. 

Moreover, the following may instead be utilized as the repairing 
sleeve: the article that the applicant utilized in the earlier application 
Tokugan No. 63-107991 and that is obtained by attaching a sealing material 
on the outer periphery of a pipe-shaped low-melting-point crystalline 
shape memory resin; or a thermosetting glass fiber reinforced plastic 
that is a gel at room temperature. 

In the case of the former shape memory resin, the repairing operation 
will be similar to that mentioned earlier. The repairing device is inserted 
until the repairing location is reached, power is fed from the power feeding 
device to allow the cylindrical cloth [7] to generate heat, the shape 
memory resin is heated to a temperature near the melting point in order 
to make it easy for it to expand in the diametrical direction, and liquid 
pressure is then fed into the expandable body [4] by means of a compressor 
to expand the expandable body [4] and to attach it tightly to the pinhole 
[15] location. 

[Effects of the Present Invention] 

In this manner, according to the device of the present invention, 
the expandable body itself heats up when energized, and therefore, the 
repairing sleeve can be heated directly and the repairing sleeve can be 
quickly softened efficiently and evenly regardless of the distance between 
the repairing location and the cutting inlet of the pipeline. 
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Moreover, since the expandable body can be heated while expanding 
the repairing sleeve in the diametrical direction, the degree of adhesion 
to the pipe's inner surface can be increased even more. Therefore, the 
repairing sleeve will not peel off after the adhesive is cured. 

Next, since the main unit of the inserting tool for the repairing 
device is hollow, a repairing operation in an active pipe is possible. 
4. Brief Explanation of the Drawings 

Figure 1 is a vertical cross-sectional drawing of the repairing device 
pertaining to the present invention, Figure 2 is a cross-sectional drawing 
of the line a-a' , Figure 3 is a vertical cross-sectional drawing of a 
condition in which the repairing device has been inserted until it has 
reached the repairing location, Figure 4 is a vertical cross-sectional 
drawing of a condition in which the repairing sleeve has been expanded 
in the diametrical direction by expanding the expandable body in order 
to attach it closely to the inner surface of the pipe, Figure 5 is a vertical 
cross-sectional drawing of the repairing location that shows the 
repair-complete condition, and Figure 6 is an explanatory drawing of a 
commonly known example. 

[1] - inserting tool's main unit; [4] = expandable body; /199 
[6] = liquid pressure injecting hole; [7] = cylindrical cloth; [16] = 
repairing sleeve. 
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Figure 5 
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